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Abstract
The term eParticipation in its traditional form is most frequently associated with eGovernment and eDemocracy. It describes
approaches to maximize the amount of persons involved in the process of political or public decision-making. There have already
been attempts to broaden the scope of eParticipation for the ﬁelds of tourism and cultural heritage. In this paper, we describe an
approach to apply the methods of eParticipation to large scale sport events, which have a pre-deﬁned start and ﬁnish. Currently,
the tracking of athletes in such events has certain limitations. Either it has a coarse resolution, because it depends on the placement
of RFID timing stations, or it is expensive to achieve for a large number of athletes if they are equipped with GPS trackers. In
this paper we propose a new method to locate athletes in a ﬁne resolution but without the drawbacks of installing additional
infrastructure or equipping every athlete with a dedicated tracker. This is achieved by crowd-sourcing the acquisition of athlete
tracking data. The knowledge of every spectator along the track who is willing to participate is being used to locate athletes at any
given time. Thereby the spectators have the possibility to participate in a community which enables them to share the location of
passing athletes using their smartphone and an app that communicates with a server. Simultaneously, they can track the athletes
they care about on a live map via the smartphone app. In order to deliver reliable results, the system is able to diﬀerentiate between
various data sources such as conventional timing stations, authenticated users and anonymous users. Diﬀerent conﬁdence levels are
assigned to each of these data sources, which enables a reliable athlete tracking. The information that the users need can be found
and delivered to them through the use of sophisticated data analysis. This in turn keeps the newly created ecosystem interesting for
a broad variety of spectators. Furthermore, this paper presents the results generated by the proposed system at the Ironman World
Championship 2015 in Hawaii.
c© 2016 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the organizing committee of ISEA 2016.
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1. Traditional athlete tracking
Tracking athletes during large scale sport events such as marathons or triathlons, i.e. knowing where each and every
athlete is at any given time during the event, has always been one of the major challenges for the event’s technology
service providers. However, from the perspective of an event organizer, this task is of vital importance. This is because
the organizer always wants to strengthen the bond between the event itself and the spectators out of various reasons
such as better media coverage and as a result a more lucrative sponsoring. There are also other reasons, but basically
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they are all about increasing the amount of athletes, spectators, sponsors and publicity. The best way to keep people
interested in the event is to inform the spectators and the media as well as possible about what is going on on the track.
With traditional approaches, this tends to be quite diﬃcult. Basically, there are two ways to track the positions of
the athletes:
• Increasing the number of RFID (Radio Frequency IDentiﬁcation) timing stations and implementing sophisti-
cated prediction algorithms in the timing software.
• Equipping all or a part of the athletes with GPS (Global Positioning System) trackers and implementing inter-
faces to receive location updates from the trackers.
The following paragraphs will explain these two approaches in greater detail and illustrate their advantages and
disadvantages.
1.1. RFID based
RFID technology is commonly used at sport events to determine the split and ﬁnish times of the athletes. It is
known to be very reliable and cost-eﬃcient if used correctly. For the purpose of this paper it will be assumed that the
corresponding timing chip(s) of each athlete is/are detected correctly every time he/she passes the timing station. This
assumption is relatively close to reality.
A typical approach to determine the current position of an athlete using exclusively the data provided by the
timing system is to predict the position according to the previous detections of that particular athlete. Furthermore,
already collected data of other athletes on the same track section can be used to reﬁne the prediction for the currently
considered athlete. A similar approach has been taken by Wedam and Wo¨llik [1].
Possible ways to improve the accuracy of athlete tracking based on RFID timing data are either to optimize the
layout of the track (i.e. athletes pass the same timing stations more often) or to use more timing stations. Both
of these approaches result in more detections per athlete which in turn results in a better prediction of the athlete’s
current position. The disadvantages of these approaches are obvious: On the one hand, changing the layout of the track
most often is diﬃcult if not even impossible due to the requirements imposed by the event organizer and the public
authorities. On the other hand, adding additional timing stations leads to higher ﬁnancial, technical and organizational
expenditures.
Another important point to consider is that the implementation of such a system strongly depends on the timing
system, which is used for the timing of the event. Very often the closed nature of these systems prevents an eﬀective
data exchange with a software that can conduct the prediction of an athlete’s position. And even if timing data can
be used, it is not a trivial task to determine an athlete’s position with passing data of such a coarse resolution. The
approach described in section 3 is a way to augment the limited amount of data with data from other sources.
1.2. GPS based
Determining the position and movements of certain items or persons using GPS trackers has already been done
for quite a while. In the case of sports, one of the ﬁrst to suggest this was Larsson in 2003 [2]. Since then, there
have been many improvements in the technologies needed for small and energy-eﬃcient GPS trackers. Today they
are often used at large scale sport events, such as the Ironman triathlon, for tracking the positions of selected athletes.
This mostly applies to famous athletes who are then equipped with GPS trackers connected to a central server via
an existing cellular network. Alternatively, many running events have bikers who are equipped with connected GPS
trackers and whose task it is to follow the leading man, the leading woman and certain other leaders of a speciﬁed
group, such as the leading athlete of a certain nation.
However, the majority of athletes is not equipped with trackers that are connected to a central server. Therefore,
even if they have their own means of tracking, the timer does not get additional data concerning these athletes. This
results in less data available for the prediction of the pace of other athletes.
Furthermore, most often the data acquired by GPS trackers is not connected to the data provided by RFID timing
stations. Concerning the prediction of an athlete’s position, this means that a potentially useful data source remains
unused. Section 3 will show an approach to unify the data to determine an athlete’s current position.
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2. eParticipation
This section explains the original meaning of eParticipation and how it has been used in other areas so far. Section
3 goes into more detail about its application in sports, which is the primary focus of this paper.
2.1. Original meaning of eParticipation
eParticipation involves the extension and transformation of participation in societal democratic and con-
sultative processes mediated by information and communication technologies (ICT), primarily the Inter-
net. (. . . ) It aims to support active citizenship with the latest technology developments, increasing access
to and availability of participation in order to promote fair and eﬃcient society and government.
— Sæbø, Rose and Flak in [3]
eParticipation can also be deﬁned as political participation supported by ICT [4]. The term was ﬁrst used in the
early 2000s. In general, it means that everyone can take part in certain decisions using simple, yet eﬀective user
interfaces designed for reaching a broad variety of citizens. These interfaces can take the form of polls, votes or
forums. It is shown by Panopoulou, Tambouris and Tarabanis [5] that a big majority of endpoints consists of web
portals. According to them, one of the most important success factors is the usability of the endpoints. But also
the commitment of the government – or in the context of this paper the commitment of the event organizer – and a
thorough communication and promotion plan are of vital importance. Furthermore, there should be a strong focus
on security and privacy so that the user does not feel exposed on any level. Further information about what can be
learned from existing and past eParticipation initiatives, especially in Europe, can be found in the study conducted by
Panopoulou, Tambouris and Tarabanis [5].
2.2. eParticipation in other areas
In their paper, Ricciardi and Lombardi [6] describe an approach to widen the classical scope of eParticipation to
the ﬁeld of cultural heritage. This is done by showing the eﬀorts undertaken by the City of Genoa (Italy), which is
”an internationally renowned centre of culture and heritage”. They admit that a ”single case study, such as the Genoa
case, would not be epistemologically suﬃcient in a quantitative, theory-testing research”. Nevertheless, they present
the draft of a new framework which widens the scope and formalizes the key parts of an eParticipation ecosystem.
In it, they propose three categories of entities: eParticipation Actors, eParticipation Activities and eParticipation
Eﬀects. The following list represents an excerpt of their suggested eParticipation entities, which may be interesting
for eParticipation in sports.
• Possible eParticipation Actors
– Citizens
– Voluntary Organizations
– Businesses and Business Groups
– Lobbies and Groups of Interests
– Researchers and scholars
– Press and Journalists
• Possible eParticipation Activities
– Discussion and knowledge sharing
– eConsultation
• Expected eParticipation Eﬀects
– Improved Civic Engagement
– Increased Territorial Value
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3. Athlete tracking using eParticipation
We, the authors of this paper, have extensive experience in timing sport events using diﬀerent RFID technologies.
This includes
• knowledge about diﬀerent RFID transponder and reader technologies (active/passive, diﬀerent frequencies,
etc.),
• planning and establishing reliable networks between the timing computer and the timing stations using a broad
variety of channels and
• the design and implementation of eﬃcient scoring algorithms and data structures which result in a timing system
with close-to-real-time properties.
During many of the events we have timed (mostly running, biking and swimming events or events consisting of a
combination of these) we noticed a number of spectators who were ready to help in a lot of situations. A good example
for this is the following situation: As a backup for the electronic timing systems, we often have team members standing
at important points of the track who write down the bib numbers of the passing athletes and the approximate time on
paper. So, if there are problems with the timing system, we can always resort to the written lists. We often noticed
that the spectators along the track want to be part of the event by helping our team members writing these lists, for
example, by reading the bib numbers aloud to make the writing easier. This is where the idea came up to give as many
spectators as possible the opportunity to be a part of the event and to use the generated data for a reliable and cost-
eﬃcient athlete tracking. In return, the spectators participating in this system get live tracking data of those athletes
they care about, which generates a huge additional beneﬁt for them.
3.1. Setup of the system
Our proposed system consists of the following entities:
Smartphone app operated by spectators: Each spectator who has this app installed should be able to enter the bib
numbers of the passing athletes and display the status of the athletes they care about. If the athletes are equipped
with Bluetooth advertisers (see below), the app should also log the identiﬁers of the passing athletes. Each entry
consists of the bib number or the identiﬁer of the Bluetooth advertiser and the current GPS coordinates. If the
app can connect to the tracking server (see below), all the entries are sent to the server and the user gets tracking
data of other athletes along the track in return.
Tracking server: The tracking server is pre-conﬁgured with knowledge about the race course, the participating ath-
letes and, if applicable, the identiﬁer of their respective Bluetooth advertiser. As soon as entries – either from
smartphones or timing stations – arrive on the server, the program tries to map the current position of each
athlete as well as possible. If requested, the server also returns the predicted current positions of the athletes
speciﬁed in the request.
Timing computer/server (optional): Integrating the timing data into the tracking system results in a much more
reliable athlete tracking. This can be achieved by letting the timing computer send the passing data to the
tracking server in the same format as the smartphones along the track do. As a result, it can be guaranteed
that the tracking has at least the same resolution as the live timing which eliminates the need for a separate live
timing interface.
Bluetooth advertisers worn by athletes (optional): Equipping (certain) athletes with Bluetooth advertisers gener-
ates a much greater amount of reliable data. The obvious reason for that is that spectators sometimes can not
read the bib numbers of all the passing athletes due to line-of-sight obstruction or too many athletes passing
them at the same time. Furthermore, it is not uncommon that users mistype numbers into the smartphone. On
the other hand, Bluetooth does not require a clear line-of-sight and smartphones have a negligible Bluetooth
read-time.
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However, the operator of such a system (i.e. the entity providing the athlete tracking) has to be aware that the
proposed system does not replace a conventional timing system. At best it can accumulate data from diﬀerent sources
– including the timing system – and present the generated data – the current position of a certain athlete – in a
diﬀerentiated way. The user (i.e. the persons using the data provided by the system) should always be insinuated that
there is a diﬀerence between timing data and tracking data.
3.2. Diﬀerent kinds of data sources
Because there is a diﬀerence in the reliability of data from diﬀerent sources, we propose to introduce conﬁdence
levels for diﬀerent kinds of data sources. For example, there could be the following gradation, beginning with the
highest conﬁdence level:
1. Data provided by the timing computer/server
2. Bluetooth passing data coming from smartphones
3. Manually entered data coming from smartphones
Depending on the conﬁdence level, the server program determines the current position of the athlete with diﬀerent
deviations. In other words, an athlete who has been detected rarely and exclusively with manually entered data will
have a wider range of possible current positions (e.g. ”athlete is between kilometer 13 and kilometer 20”) than an
athlete who has been detected very often via Bluetooth (e.g. ”athlete is between kilometer 15.5 and kilometer 16”).
Furthermore, it is possible to create an even ﬁner gradation by adjusting the conﬁdence level of each data source
according to the reliability of its generated data. For example, if there is a smartphone which produces obviously
wrong data (either accidentally or on purpose), the server program can automatically decrease the conﬁdence level of
this smartphone, which results in a more accurate tracking.
3.3. Roles
In addition to the already mentioned roles in eParticipation in sports, such as the athlete, the spectator and the
operator, there are also some other roles who can beneﬁt from the proposed system. The following list describes each
role individually.
Athlete: During the event, the athlete is not involved in the system, except that he/she may carry a Bluetooth adver-
tiser. After the event, the athlete can display his/her performance during the race in a more detailed way than it
would have been possible using conventional timing only.
Spectator: As described previously, the spectator helps with the generation of tracking data via his/her smartphone
in order to get tracking data of the athletes he/she cares about.
Operator: The operator is the one who supervises the system and takes care of the correct data transfer to other roles,
such as the timer or the moderator.
Timer: It is possible that the timer resorts to the tracking data produced via smartphones in order to verify or – if
necessary – correct the data generated by his/her own system. Furthermore, the timer can send the timing data
to the eParticipation system to enable better athlete tracking.
Organizer: The organizer can rely on tracking data to better predict the arrival of the ﬁrst and last athletes at certain
points of the track. This results in cost savings, for example, by decreasing the time of road blocks.
Moderator: With a reliable athlete tracking it is easier for the moderator to keep the spectators up to date.
Although this is not a complete list, it already shows the beneﬁts that diﬀerent users can have by participating in
the proposed system.
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4. Example events
Our research group used the proposed system at two very diﬀerent events:
1. The Ironman World Championship 2015 in Hawaii
2. The New Year’s Eve run (”Silvesterlauf”) 2015 in Klagenfurt (Austria)
Due to a restriction laid upon the athletes at the Ironman (the athletes are not permitted to carry electronic devices,
such as Bluetooth advertisers1) and our limited manpower in Hawaii, we only generated about 2,700 manual entries
from about 1,400 distinct athletes. 86 of these athletes were entered 5 times or more and 2 athletes were entered 9
times, which is the maximum.
At the Silvesterlauf we had no such restrictions concerning carrying electronic devices and we had more people
available. This resulted in about 76,500 entries, 2,100 of which were entered manually. At this event, 135 athletes
were entered manually 5 times or more and 2 athletes were entered 26 times. The amount of Bluetooth detections per
advertiser (we handed out 7 self-made advertisers to certain athletes) ranges from 3,200 to 23,000.
Due to the limited amount of time, it was not yet possible to conduct a meaningful analysis of the data. This will
be done in the next steps of our research. The results will ﬂow into the implementation of the smartphone and server
software.
5. Conclusion
eParticipation has been gathering traction in many other areas than government and democracy, where it was
initially intended. However, large scale sport events have yet been left out. This paper describes what an eParticipation
system for sport events can look like and what the beneﬁts of it can be. Primarily this would be an improved athlete
tracking system compared to currently used systems such as tracking according to timing data or the use of expensive
GPS trackers.
The data gathered from our two test events have already shown the enormous potential of live position data. Our
next steps will be to use this data to create a system which can be used with very little eﬀort at sport events. This will
help to strengthen the bond between the spectators and the event and in turn help the organizer to make the event more
lucrative.
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